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(57) ABSTRACT 
A method and apparatus of displaying a magnified image 
comprising obtaining an image of a scene using a camera 
with greater resolution than the display, and capturing the 
image in the native resolution of the display by either 
grouping pixels together, or by capturing a smaller region of 
interest whose pixel resolution matches that of the display. 
The invention also relates to a method whereby the location 
of the captured region of interest may be determined by 
external inputs Such as the location of a person's gaze in the 
displayed unmagnified image, or coordinates from a com 
puter mouse. The invention further relates to a method 
whereby a modified image can be Superimposed on an 
unmodified image, in order to maintain the peripheral infor 
mation or context from which the modified region of interest 
has been captured. 
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Figure 1A 
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APPARATUS AND METHOD FOR A 
DYNAMIC "REGION OF INTEREST" INA 

DISPLAY SYSTEM 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This patent application claims benefit as a continu 
ation of U.S. patent application Ser. No. 12/891,430 filed 
Sep. 27, 2010 entitled “Apparatus and Method for a 
Dynamic Region of Interest in a Display System,” cur 
rently pending, which claims the benefit of priority from 
U.S. Provisional Patent Application 61/262,766 filed Nov. 
19, 2009 entitled "Apparatus and Method for a Dynamic 
Region of Interest in a Display” and as a Continuation-in 
part from U.S. patent application Ser. No. 12/060,964 filed 
Apr. 2, 2008 entitled "Apparatus and Method for Augment 
ing Sight', issued as U.S. Pat. No. 8,135,227 on 13 Mar. 
2012, which claims priority from U.S. Provisional Patent 
Application 60/921,468 filed Apr. 2, 2007 entitled “Appa 
ratus and Method for Augmenting Sight.” 

FIELD OF THE INVENTION 

0002 The invention relates generally to the field of 
displays and more specifically to the field of vision care. 

BACKGROUND OF THE INVENTION 

0003) There are numerous applications for lightweight 
head-worn near-to-eye displays. These are commonly called 
Head Mounted Displays (HMD). HMDs display to the eye 
an electronically rendered image such that the wearer per 
ceives that they are watching a sizeable electronic display at 
Some distance in front of them. The applications that use 
such HMDs are numerous, including but not limited to 
Virtual reality, electronic gaming, simulation environments 
Such as for military simulations or flight simulators, medical 
applications such as for the enhancement of sight, and 
consumer applications such as the ability to view videos in 
a mobile setting. 
0004 More and more of these applications can benefit 
from the incorporation of a live camera into the HIVID, such 
that the wearer can not only view electronic data from a 
Source, such as a Video file, but also live video images of the 
world in front of them. Image processing can be used to 
enhance the live camera image before it is presented to the 
eye, providing magnification, enhancement of brightness, or 
improved contrast for example. 
0005. In applications which require a magnification func 
tion ("Zoom”), HMDs have typically deployed optical lens 
Systems to enlarge the image, at the expense of a loss of field 
of view (FOV) angle for the captured video image. This has 
many drawbacks including the physical size and weight of 
the Zoom lens optics and associated drive motors. Also, 
optical Zooming shrinks the captured field of view, so that 
much of the peripheral information in the image is lost. A 
loss of peripheral field of view has the further drawback of 
inducing disorientation or even nausea in the HIVID wearer. 
0006 Implementations of a Zoom function without the 
use of bulky, expensive optical lenses and motor drive 
Systems, have attempted to magnify the image in software, 
using digital magnification techniques. In most situations 
this results in delay or latency between the time that the 
image is captured and the moment the magnified image is 
presented to the eye. Also, software zoom is only effective 
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to a certain magnification factor, beyond which there is a 
significant degradation in the quality of the image. This is 
called lossy magnification. 
0007 What is needed then is a general device that is 
capable of providing significant Zoom functionality with 
neither the bulk of Zoom lens optics nor the latency and 
image quality degradation associated with software magni 
fication while maintaining as much of the peripheral infor 
mation as possible. Further, such a device should provide 
magnification or other image enhancements to an ROI 
defined according to the users gaze coordinates, so that the 
context of the image is not lost. 

SUMMARY OF THE INVENTION 

0008. The concept of performing Zoom functions or other 
image enhancements on a reduced area of the displayed 
image corresponding with the wearer's interest, a “Region of 
Interest” (ROI), can be applied to either live video captured 
from a camera, or video from any other source. Having a 
ROI carries the advantage of maintaining the peripheral, 
contextual, “Field of View” information, while still provid 
ing the benefit of localized image enhancements and reduc 
ing possible latencies and lags. The coordinates of the 
wearer's interest, "gaze coordinates', which determine the 
location of the ROI in the displayed image, can be deter 
mined using an optical system that captures an image of the 
wearer's eye while they are looking at the display. 
0009. The invention, in one aspect, relates to a method of 
magnifying a portion of the image to be viewed by an 
individual. In one embodiment, the image sensor used to 
capture the image has a significantly higher pixel count, or 
resolution, than the display that is used to display the image. 
An image corresponding to the entire sensor image area can 
be captured at the same resolution as the display by grouping 
pixels together, otherwise called “binning. In this embodi 
ment, the amount of magnification that is perceived by the 
wearer of the HIVID is determined only by the ratio of the 
FOV between the camera optical system and the display 
optical system. 
I0010. In another embodiment, a smaller window of pixels 
is selected on the image sensor which matches the pixel 
resolution of the display. This can result in an image 
presented to the wearer that has a significant level of 
magnification, with neither the use of additional Zoom lens 
optics, nor the latency and degradation introduced by soft 
ware Zooming. 
0011. In yet another embodiment, the HIVID wearer can 
be shown a window of some resolution matched between the 
display and the sensor but not the entire display size, 
otherwise called a region of interest (ROI). Outside of this 
ROI is shown the unmagnified entire FOV of the sensor. 
This is accomplished by alternately capturing the magnifi 
cation window on the sensor and a full-field binned image, 
and combining these in the display. 
I0012. In all of the above embodiments, by matching the 
pixel resolution of the captured image with the resolution of 
the display, the amount of data that must be processed 
between capturing the image and displaying it is optimized. 
I0013. In a further embodiment, the camera can capture a 
high resolution image using all the resolution available on 
the image sensor. This image is than subdivided in software 
into an ROI to which image modifications such as magni 
fication can be applied, and an outside FOV, which appears 
with a different, typically lesser number of enhancements. In 
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this embodiment, a still image could be captured and stored 
for later use in this manner. For example, the outer FOV 
image could have brightness and contrast enhanced, while 
the inner ROI image has enhanced brightness, contrast, and 
additionally some magnification applied. 
0014. In a further embodiment, two separate cameras can 
be used, one optimized to capture the ROI area of the 
resulting displayed image, and a second to capture the 
surrounding FOV area. These can be considered to be two 
cameras capturing the same image, but at different magni 
fication levels and therefore, different FOV. 
0015. In a further embodiment, a transmissive display 
can be used. This is a display that the wearer can normally 
see through like normal glasses, until an image is projected. 
By using a transmissive display system, an ROI can be 
presented to an area of the display Smaller than the entire 
FOV, and the area around the ROI can remain transparent. 
In other words, the FOV outside of the ROI is determined 
not by displaying a FOV image captured from the camera, 
but by simply looking through portion of the display not 
occupied by the ROI. 
0016. In a further embodiment, software magnification 
(Zoom) techniques, while the result is a loss of image quality, 
could be used. 
0017. It is also possible that the location of the ROI can 
be determined by the wearer of the HIVID, by tracking the 
coordinates of their gaze. In this manner, the ROI location 
can move dynamically around the overall FOV, according to 
the information in the image that the wearer wishes to see 
enhanced. 
0.018. The above embodiments are not limited to video 
captured from an image sensor or camera system, but can 
also be applied to video from other sources including 
streaming video, Stored video, image files, and so forth. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0019. The invention is pointed out with particularity in 
the appended claims. The advantages of the invention 
described above, together with further advantages, may be 
better understood by referring to the following description 
taken in conjunction with the accompanying drawings. In 
the drawings, like reference characters generally refer to the 
same parts throughout the different views. The drawings are 
not necessarily to Scale, emphasis instead generally being 
placed upon illustrating the principles of the invention. 
0020 FIG. 1A is a highly schematic diagram of an 
embodiment of the system of the invention; 
0021 FIG. 1B is a more detailed schematic of one 
embodiment of the system of FIG. 1A: 
0022 FIGS. 1C and 1D show a particular embodiment of 
an optical prism used to present to the eye, an image 
generated by a near-to-the-eye microdisplay; 
0023 FIG. 2 is a diagram of the result of viewing a scene 
using the embodiment of the system of FIG. 1A, to capture 
a full field image at the display's native resolution via 
binning; 
0024 FIG. 3 is a diagram of the result of viewing a scene 
using the embodiment of the system of FIG. 1A, to capture 
a window from the image sensor that matches the full field 
resolution of the display; 
0025 FIG. 4 is a diagram of the result of viewing a scene 
using the embodiment of the system of FIG. 1A, to capture 
a smaller window at some fraction of the display's resolu 
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tion, and display it on a fraction of the display, with the full 
field of view image displayed in the periphery; 
0026 FIG. 5 is a diagram of an embodiment of an optical 
system that enables the coincident display of a visible light 
image to the wearer's eyes, and the capture of an infrared 
light image of the wearer's eye into a camera. By using a 
combination of beam splitting and reflective Surfaces, the 
visible light and infrared light can share the same optical 
path orthogonal to the Surface of the eye; 
0027 FIGS. 6A and 6B are a flowchart of an embodiment 
of a method describing how an image processing system can 
determine which image modifications to apply to the ROI 
and FOV respectively, based on input from the wearer or by 
determining the wearer's gaze coordinates; 
(0028 FIGS. 7A to 7C depict the results of an embodi 
ment of an image enhancement algorithm that enhances the 
edges of objects; 
0029 FIG. 8 is a flowchart describing an embodiment of 
an algorithm to modify colors in order to improve the 
usability of an image for people with specific color defi 
ciencies; and 
0030 FIGS. 9A through9C depict the results of an image 
enhancement algorithm that improves the usability of an 
image for people with specific color deficiencies. 

DETAILED DESCRIPTION 

0031. In brief overview and referring to FIG. 1A, the 
system in one embodiment includes a pair of eyeglass 
frames 8 or head mounted display and a processor 7. In this 
embodiment, the traditional transparent lenses in the eye 
glasses frames 8, have been replaced with one or two display 
screens 1, 1' (generally 1). Attached to the frame are one or 
more image capture devices 3, Such as a camera. The 
electronics provide for image capture by the image capture 
device and transmission to the processor 7 by way of a wired 
or wireless link 6. The processor 7 not only receives images 
from the image capture device 3, but transmits the modified 
images back to the eyeglass frames 8 for display on one or 
both of the display screens 1, 1'. 
0032. In more detail as shown in FIG. 1B, in various 
embodiments, the displays 1, 1" in the eyeglass frames 8 
include, in one embodiment, two Organic Light Emitting 
Diode (OLED) micro-displays for the left and right eyes 30, 
30', and two optical prisms 31, 31' (generally 30), and finally 
two prescription lenses 32, 32. In another embodiment, the 
displays use Liquid Crystal on Silicon (LCOS) technology. 
In a further embodiment, the displays use Liquid Crystal 
Display (LCD) technology. In still a further embodiment, the 
displays use micro-projection technology onto a reflective 
(partial or 100% reflective) glass lens. In various embodi 
ments, each display shows a different image or the same 
image. If the modified image is to be displayed only to one 
eye, only one display 1 is required. The displays in various 
embodiments can incorporate refractive lenses 32, 32 simi 
lar to traditional eyeglasses, such that the display works in 
concert with a person’s unique optical prescription. 
0033 Similarly, the image capture device 3 in one 
embodiment incorporates optical components 33 (window 
and lens) for focusing the image, a motor for controlling the 
focus position 34, and a Complementary Metal Oxide Semi 
conductor (CMOS) image sensor 35. In another embodi 
ment, the image capture device is a charge coupled device 
(CCD) sensor with appropriate optics. In other various 
embodiments, the image capture device is any imaging 



US 2017/02083 12 A1 

device with an analog or digital signal output that can be sent 
to a processing unit 7 for processing. In one embodiment, the 
output of the sensor 35 is the input to a parallel to serial 
converter 36 for transmission over link 6 to the computer 7. 
A serial to parallel converter 37 provides parallel data to a 
field programmable gate array 39 which acts as the front end 
to CPU 40. In one embodiment, the processor 7 is a custom 
design based on the OMAP processor made by Texas 
Instruments (Dallas, Tex.). 
0034. The output display back end of CPU 40 again is the 
input to a field programmable gate array 39. The output of 
the gate array 39 is the parallel input to a parallel to serial 
converter 41. Serial data from the converter is transmitted 
over link 6 to a serial to parallel converter 42 located in the 
head mounted display 8. This data is transmitted to the 
OLED displays 30. 
0035) Referring to FIGS. 1C and 1D, each OLED 3.0 is 
attached to the mounting surface 43 of the optical prism 31 
(FIG. 1C). Light from the OLED 30 entering the prism 31 
(FIG. 1D) is folded and reflected off a reflecting surface 44 
and focused, providing magnification. 
0036. In a binocular configuration, each image capture 
device or camera 3 sees a slightly different image, thereby 
providing stereoscopic vision to the viewer. If the image is 
to be presented to only one eye, then only one image capture 
device or camera 3 is needed to record the image for that 
eye. Although in the embodiment shown the image capture 
device or camera 3 and related electronics are mounted on 
the eyeglass frames 8, it is contemplated that the camera 3 
and electronics could also be located elsewhere on the 
individual’s person. Also, although two cameras 3 are con 
templated for binocular vision, it is possible for one camera 
3 to view the image and present the same image to both 
displays 1. In addition, in various other embodiments the 
Source of the image may be another camera, a television, a 
computer or other source capable of Supplying an input to 
the processor 7. 
0037. A further embodiment incorporates the processor 7 
and associated electronics into the eyeglasses frame 8, 
eliminating the need for a communications link 6 between 
the two components of the system. 
0038. The optional eye tracking camera 24 is also in 
communication with the electronics and determines where in 
the visual field the individual is looking. In one embodiment, 
this camera 24 operates by following the position of the 
pupil. Such eye tracking devices 24 are common in presently 
available “heads-up-displays’ utilized by military pilots. 
Again, although an embodiment contemplated includes two 
tracking cameras 24, because both eyes typically track 
together, one tracking device may be used. In another 
embodiment, the eye tracking sensor uses a combination of 
mirrors and prisms such that the optical path for the eye 
tracking sensor is orthogonal to the pupil. Eye tracking is 
used to determine the region of interest (ROI), and to ensure 
that the damaged areas of a person’s vision are avoided 
when the modified image is presented to the eye. The 
eye-tracking information is Suitably averaged and dampened 
in Software to minimize the sensitivity to random eye 
movements, blinks, etc., and to optimize the system for 
various usage models. For example, reading English 
requires specific eye tracking performance in the left to right 
direction different from that in the right to left direction, and 
different again from that in the vertical direction. 
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0039) Images from the image capture device 3, eye 
position information from the eye tracking camera 24 and 
images destined for the displays 1, 1' are passed through the 
processor 7. This communication between the processor 7 
and the electronics of the eyeglass frames 8 may be trans 
mitted through a wired connection 6 or be transmitted 
wirelessly. Certain functions, such as magnification, may be 
performed in an analog mariner, Such as by adjusting the 
lens array on the camera or digitally by mathematically 
processing pixels. 
0040. Received data and control instructions are then 
stored in memory 9. The memory 9 includes random access 
memory (RAM) for data storage and program execution, 
and read only memory (ROM) for program storage. The 
computer 7 accesses the data in memory and manipulates it 
in response to the control instructions for transmission back 
to the eyeglass frames 8 for display. In this way, the 
individual can tailor the displayed image for optimal view 
1ng. 

0041. One embodiment of the method as shown in FIG. 
2, the system captures a full field of view image 12 in the 
camera 3, at a resolution that exactly matches that of the 
display 1, as shown in FIG. 2. This setting of resolution in 
one embodiment is made by adjusting the camera resolution 
electronically. However, with a fast enough processor and 
memory, the resolution matching may take place by selec 
tion of pixels in memory. The image sensor is configured 
Such that groups of pixels are grouped together or binned, 
resulting in a resolution that matches that of the display. In 
this particular example, the wearer perceives the image to be 
slightly reduced in size, as determined by the ratios of the 
camera FOV angle 4 (FIG. 1A) and 10 (FIG. 2) (in this case 
50°) and the FOV angle 5 (FIG. 1A) and 11 (FIG. 2) of the 
perceived image 17 (in this case 40). 
0042. In another embodiment as shown in FIG. 3, the 
camera 3 captures an image where a region of pixels 13 in 
any area of the camera sensor is captured which exactly 
matches the resolution of the display 1. In this particular 
example, the wearer perceives the image 18 to be magnified, 
as determined by the ratios of the camera FOV angle 4 (FIG. 
1A) and 14 (FIG. 3) for the captured area (in this case 13.5°) 
and the FOV angle 5 (FIG. 1A) and 11 (FIG. 3) of the 
perceived image 18 (in this case 40). 
0043. In another embodiment as shown in FIG. 4, the 
camera 3 captures an image of a region of interest (ROI) 15 
in any area of the camera sensor which is actually smaller 
than the resolution of the display 1. This image is then 
shown in the display 1 using the same number of pixels, such 
that the wearer perceives a magnification as determined by 
the ratio of the FOV angle 4 (FIG. 1) and 16 (FIG. 4) (in this 
case (5.6°) of the captured image 15, and the FOV angle 5 
(FIG. 1A) and 20 (FIG. 4) (in this case 20.6°) of the 
displayed image 21. By alternately capturing the entire 
camera FOV 12 and the ROI 15, the computer 7 can overlay 
the captured ROI 15 on top of the full-field image 12, such 
that the displayed image 19 shows both the unmagnified 
full-field image 19 with an overlayed, magnified ROI image 
21. This technique maintains some peripheral field informa 
tion or context, and can reduce fatigue and nausea in the 
wearer, as well as increase mobility. The capture rate of the 
ROI 15 can be higher than the capture rate of the FOV 12, 
Such that the wearer receives a higher quality image for the 
ROI 21 than for the displayed FOV 19. 
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0044. In yet another embodiment, the camera 3 captures 
an image of a region of interest (ROI) 15 in any area of the 
camera sensor. This image is then shown in the display 1, 1'. 
where the size of the displayed ROI 21 is less than the 
overall display size. By using a transmissive display 1, 1'. 
the wearer can view the FOV 19 information outside of the 
ROI 15 by simply looking through the unused portion of the 
display 1, 1'. In this manner, the camera only needs to 
capture the ROI image 15, and not the FOV image 12. The 
frame rate and image quality for the ROI can be very high, 
since the camera 3 and computer 7, do not need to process 
the FOV image 12. 
0045. The specific location of the ROI 13, 15 on the 
camera sensor, and its corresponding location 21 in the 
display are not necessarily fixed. There can be applications 
where the ROI 13, 15 is moved to any location with the 
overall camera FOV 12, as determined by the location of 
person's gaze at the display 1 for example, which is deter 
mined by the gaze tracking camera 24. By following their 
gaze in the overall display field of view 19, the displayed 
ROI 21 can show local magnification of the displayed image 
19. 
0046. It is also possible that the location of the captured 
ROI location 13, 15 on the camera sensor, and its corre 
sponding location 21 in the display can be determined by 
another technique Such as a computer mouse for example. 
0047. An embodiment of an optical system that can be 
used to determine the wearer's gaze coordinates is shown in 
FIG. 5. In this case, the displayed image 17, 18, 19 of the 
previous FIGS. 2, 3, and 4 respectively is passed through an 
optical beam splitter 22, which reflects the image to the 
wearer’s eye. At the same time, a source of invisible light 26 
Such as light from an infrared source 23, illuminates the eye 
so that its image can be captured by a camera device 24. 
Infrared light 26 from the source 23 reflected off the eye's 
surface, often referred to as the Hirschberg reflex or first 
Purkinje image, passes through the beam splitter device 22, 
into the gaze tracking camera 24. Alternatively, the invisible 
light 26 could be reflected from the retinal surface of the eye. 
0048. Other embodiments of an optical system for cap 
turing an image of the wearer's eye are possible, including 
swapping which of the optical paths, visible light 25 or 
invisible light 26 are reflected by or transmitted through the 
beam splitter device 22. 
0049. Once the ROI has been defined, various image 
enhancements can be applied beyond simple magnification 
as discussed. These enhancements can be changes in the 
brightness and contrast of the image. Edges can be sharp 
ened. Colors can be remapped in accordance with the 
wearer's specific color deficiencies. Information in the ROI 
can even be remapped so that it is outside of the wearer's 
blind spot or Scotoma. 
0050. The ratio by which the wearer is displayed the ROI 
21 versus the FOV 19, can be determined in software so that 
the image quality of the ROI 21 is consistently superior to 
that of the FOV 19. This is especially useful when the ROI 
21 is tracking the wearer's gaze, because their visual per 
formance outside of the ROI 21 is substantially diminished, 
and so a high quality image is less important in the FOV area 
19. 

0051 One embodiment of the method using the system 
which is capable of modifying an image of the field of view 
is shown in FIGS. 6A and 6B. The wearer begins by setting 
the preferred method of determining the location of the 
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region of interest (ROI) through a keyboard or other input 
device (step 10). The individual may indicate their preferred 
location of the ROI by selecting one of a mouse input (step 
12), preset coordinates (step 13) or eye-tracking imaging 
(step 14). 
0052. If an eye tracking sensor 24 is used, the individual 
need only move their eye to determine the region of interest 
(step 16). Some mathematical parameters are applied to 
determine the sensitivity of the eye tracking algorithm in the 
X and Y directions (step 18) to minimize the effect of 
involuntary eye movement on the choice of region of 
interest. 
0053. From this information, the center of the region of 
interest (ROI) is determined (step 19). If the region of 
interest (ROI) (step 20) is not within the area anticipated 
according to the eye-tracking sensitivity parameters (step 
18), the region of interest is set to the last valid region of 
interest (step 22). The complete region of interest (ROI) is 
then determined, or “mapped' such that it is centered on the 
coordinates determined (step 24). The size and shape of the 
ROI is determined through user inputs (step 26). 
0054 The visual information in the region of interest 
(ROI) may be input from either the field of view (FOV) 
image (step 32), or from a separate region of interest image 
source (step 34), as determined by user input (step 30). If the 
ROI image is to come from a separate source (step 34), then 
the user can input an optical Zoom requirement (step 36) for 
this image. The ROI image is then captured (step 40) and 
overlaid or mapped, onto the ROI area (step 44). 
0055. The individual sets the Zoom requirement (step 48) 
for the field of view (FOV) image. The Zoom function is a 
combination of both optical Zoom done in the FOV camera 
using lenses, and digital Zoom performed in Software. The 
FOV image is then captured. (step 52). 
0056. The image is then modified (steps 54 and 58) as 
further required by the user input values. Note that some 
modifications are applied to the left and right displays, or left 
and right eyes, differently (step 60), while others are applied 
to the left and right displays equally (step 64). Any of the 
image modifications may be applied to either the region of 
interest (ROI) or the entire field of view (FOV), or both. The 
final modified images are then presented to the displays (step 
66). 
0057 There are many image modifications that can be 
performed in the processor 7, on either the FOV or the ROI, 
or both, to improve the visual function of the person wearing 
the eyeglass frames 8. These include, but are not limited to: 
0.058 1. Magnify the image—this function reduces the 
size of either the captured FOV 12, or the captured ROI 13, 
15 or both, so that objects displayed to the wearer of the 
eyeglass frames 8, in either the FOV 17, 18, 19 or ROI 21 
appear enlarged. Without any additional Software magnifi 
cation applied by the processor 7, the level of magnification 
is the ratio of the camera field angle to that of the display. 
0059 2. Minification: If the captured FOV 12 or ROI 13, 
15 is displayed with a reduced field angle, the displayed 
images FOV 17, 18, 19 or ROI 21 images appear reduced. 
This is equivalent to fractional magnification. 
0060. 3. Enhance contrast this function permits contrast 
contained naturally in the image to be modified so as to 
enhance the difference between various levels of contrast to 
improve the detection of information in the image. 
0061 4. Enhance edges—this function permits the edge 
of an object to be detected and enhanced (for example, but 
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not limited to, adding a black band) to improve the ability of 
the patient to perceive the edges of different features of the 
image. 
0062 5. Change to grey scale—this function permits the 
image to be converted to a grey Scale from a color Scale. 
0063 6. Threshold grey scale—this function permits all 
the colors and intensities of the image to be mapped into 
either black or white. 
0064 7. Remap colors—this function remaps the colors 
in the original image into another range of colors, thereby 
permitting color blindness or deficiency to be ameliorated. 
0065 8. Remap image based on the user's blind spot in 
ROI—this function allows the individual to remap the image 
to avoid the blind spots caused by diseased regions of the 
eye, Such as in macular degeneration or Stargardt's disease. 
Various algorithms relocate pixels from behind a blind spot 
to areas near the periphery of the blind spot according to a 
mathematical spatial distribution model. 
0.066 9. Relocation and Enhancement of Text: This tech 
nique is a specific implementation of "Spatial Remapping 
above, where text is moved out from behind a blind spot. 
The technique includes application sensitive techniques 
Such as only splitting the image on the blank lines between 
text lines, serif removal, text edge Smoothing, text enhance 
ment through color and contrast improvement, optical char 
acter recognition (OCR), etc. 
0067 10. Brightness adjustment: Individual pixels can be 
modified to increase or decrease their brightness either 
globally or according to a mathematically defined spatial 
distribution. 
0068 11. Brightness flattening: The variation in bright 
ness across an image can be reduced, such that “hotspots” or 
washed out regions are darkened, and dark areas are bright 
ened. 
0069 12. Image Superpositioning: This is a technique 
where peripheral information is overlaid into a central area 
of the FOV, in order to provide contextual data to people 
with lost peripheral visual performance. 
0070 14. Color Identification: The invention can identify 
(via screen text) the dominant color or the statistical red 
green-blue (RGB) content for a specific portion of the 
image, as identified for example by “cross-hairs.” 
(0071. 15. Black/White Conversion and Inversion: Color 
or grayscale images can be reduced to B/W or inverted B/W 
(WB). 
0072 By using fast processors it is possible to make these 
modifications in substantially real time. This allows a visu 
ally impaired individual to function substantially as if there 
were no visual defect. With a fast enough computer, these 
enhancements may be applied and removed sequentially to 
an image, that is the image toggled between the actual image 
or the image as modified, by the user so that the user sees the 
original image and the enhanced image as a repeating 
toggled sequence. This provides the user with a clearer sense 
about what aspects of the presented image are “real' and 
which are "enhancements’. 
0073. Further certain enhancements can be applied and 
removed from the image automatically. For example, an 
edge enhancement modification can be applied and removed 
sequentially and repetitively such that the user sees an edge 
enhanced image and then the unmodified image. 
0074. Many algorithms can be used to achieve these 
purposes. For example, one embodiment of an edge finding 
algorithm detects edges using a gradient operator. To avoid 
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noise due to Small natural variations in intensity of the 
image, the gradient operator is applied to a low pass digitally 
filtered version of the image. If the digital filter is a Gauss 
ian, then the gradient of the filtered image is simply the 
convolution of the image with the gradient of the filter; the 
Canny Gradient Operator. This technique has two major 
advantages. Firstly, this technique avoids the issue of having 
to calculate a finite derivative of the natural image. Although 
the derivative of the Gaussian function is known analyti 
cally, the derivative of the natural image is mathematically 
ill-posed. Second, this technique permits both the filtering 
and derivative operations to be performed simultaneously in 
Fourier space. This is represented by: 

where f and fare the unfiltered and filtered images respec 
tively and g is the Gaussian filter. The amount of filtering 
applied will be controlled by the Gaussian width (O). One 
embodiment of the implementation separates the gradient 
operator into its two Cartesian coordinates, so that in its final 
form the gradient is: 

(Vy f(x, 3) O(x, y) = a tant (W. f(x, y) 

0075. This generates an amplitude term (M) which is the 
vector Sum of the two components and a direction compo 
nent (0). The result of this filtering is a gradient map which 
does not show edges specifically. The gradient image is then 
processed to identify edges by first using a bi-linear inter 
polation around each point in the image to identify the points 
which are local maxima. Once identified, only the local 
maxima are retained and all other points are ignored. Then 
the direction of the gradient is used to identify adjacent 
points which are connected, because the gradient will be 
similar for adjacent points if they are part of the same edge. 
Other outliers in the gradient are rejected. Finally, a thresh 
olding algorithm is applied which retains all gradient points 
having a value in the upper percentile (in one embodiment, 
threshold 1, the 90th) and rejects all weak gradients having 
a value in the lower percentile (in one embodiment, thresh 
old 2, the lowest 20th). Anything in between the two 
thresholds is rejected if it has no strong companion near it, 
and kept if its neighborhood indicates an edge. All retained 
gradient points are then binarized to 1, all others to 0. 
creating the outline of edges in the image. FIG. 7A depicts 
an image in its natural state. FIG. 7B depicts the image of 
FIG. 8A with a gradient applied, and FIG. 7C depicts the 
image of FIG. 8B with Suppression of the underlying image. 
0076 Similarly, an example of a color remapping algo 
rithm is next described. Normally sighted people depend on 
both brightness and color differences (luminance and color 
contrast) to identify features in their visual field. Abnormal 
color vision will often result in the inability to distinguish 
between colors; a reduced capacity to use color contrast to 
extract information. Color confusion is usually asymmetric, 
so that color confusion occurs along the Red-Green or 
Yellow-Blue color axis. This means that by remapping 
colors in the field of view which are confusing to an observer 
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to color in the spectrum which offer better contrast, it is 
possible for the user to recover the information content of 
the field of view. 

0077. The algorithm described below is intended to 
remap the color contained in the field of view to allow the 
user to extract maximum content information. The color 
content of the processed field of view will not be true to the 
real world thus actual color information will not always be 
natural, but the color contrast will be enhanced for the 
observer so that there will be little or no confusion due to 
reduced color contrast between the objects in the field of 
view. This will allow the observer to identify a maximum 
number of details and maximize information extraction. 

0078. The algorithm is illustrated in FIG. 8. If a color 
perception defect is identified in a patient, then the image is 
modified by shifting some of the color in the defective color 
channel (Red-Green or Blue-Yellow) in the other color 
channel. Two parameters are typically required. The first is 
to identify which colors in the image must be modified, and 
the second is to determine the amplitude of the color shift 
necessary to move the affected colors to the unaffected color 
channel. 

0079 First, the colors to be modified are selected by the 
amount of the affected primary color (Red, Green or Blue) 
in the image. For example, if the color defect is the inability 
to detect color contrast in the red/green channel, then either 
the reds or greens are shifted to the blue channel; whichever 
gives the observer the best contrast. Given that White will 
contain 33% of each Red, Blue and Green primary color, 
then the threshold for shifting a given primary color should 
be >33%. The threshold will be both observer and image 
dependent and will need to be adjustable. The amount of 
remapping to the better color channel will also be observer 
dependent as well as image dependent and thus it too will 
also need to be adjustable. 
0080 For each point in the image, where R, G and B 
represents the intensity of each primary color, the algorithm 
proceeds as follows: 
0081 First, the RGB values are measured, and the bright 
ness (T) (T=R+G+B) and the normalized color values (r. g. 
b) (r=R/T, g=G/T, b=B/T) calculated. Next, for each point in 
the image where the color contains more than the threshold 
amount of the problematic primary color, a percentage, shf. 
of the problem primary is shifted into another primary color. 
0082 For example, if (r) is the normalized value of the 
problematic color then: If ro-0.4 then red the primary color 
is more than 40% of the color of the image and hence above 
the threshold. 

r(n)=(1-shf (r)), where r is the normalized value of the 
problematic color, and r(n) is the new normalized value for 
the shifted red primary color. Similarly, 
b(n)=b+sh*r where b(n) is the new normalized value for 
blue primary. Finally, g(n) g which means the normalized 
primary color green (g) is unmodified. 
0083. One skilled in the art would recognize that if red is 
not the problematic color, then similar shifts are possible for 
the other primary colors. Thus, if the problem primary color 
is green (g) then the algorithm will shift some of the primary 
green color (g) into blue. Similarly, if the primary color blue 
is the problem, then the algorithm will shift blue into red. 
0084. The new RGB coordinates of the point being 
examined is then the new normalized shifted color times the 
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brightness, T. Thus R(n) r(n)*T. G(n) g(n)*T, and B(n)=b 
(n)*T. The results of this algorithm are shown in FIGS. 
9A-c. 

I0085. An embodiment of the algorithm for automatic 
brightness and contrast enhancement transforms the image 
based on the intensity (signal) histogram distribution for the 
whole image. This technique is usually referred to as bright 
ness/contrast equalization. An intensity distribution (number 
of pixels at each intensity levels), DA, from the original 
image (A) is remapped into a new image (B) with distribu 
tion, DB, with the constraints that the remapping result be 
single valued (each intensity level in DA can only transform 
to a single intensity level in DB) and that the transform be 
reversible or monotonic. 

0086 
Df(D); and 

These constraints are embodied in the equations: 

I0087 Many different transforms can be used that meet 
these constraints. One embodiment is the algorithm dis 
cussed below. This algorithm is a simple and effective 
approach that is widely used in the image processing world. 
I0088. This embodiment of the algorithm adds additional 
constraints to the determining the mapping function f (D). 
In one embodiment, an additional requirement is that the 
energy contained within a small region (dD) of the distri 
bution D must equal the energy to the corresponding region 
dD of the distribution D. That is: 

hdD=hdD 

where h is the number of pixels at a predetermined intensity 
level, (x). If the values of hare rescaled by dividing the value 
by the total number of pixels then the values of h can be 
expressed as probability distributions p and p. Further 
more, because the intensity distribution is being stretched 
from the original image (0 to a maximum intensity, D) and 
because the area under the two probability distributions must 
be equal as described above, then the derivative of the 
transfer function df dif(s)/dx, can be set to a constant equal 
to D. The transform function is then rewritten in terms of 
the probability distribution p and D. 

where F (D) is the cumulative distribution function for the 
original image. The implementation then becomes: 
I0089 First, obtain an intensity distribution function for 
the original image with the same number of bins available as 
there are available grey levels for the display mode (that is, 
8 bits gives you 256 potential bins.) 
0090 Next, normalize the distribution function by divid 
ing it by the number of pixels to convert the distribution 
function to a probability function. 
0091. Third, find the largest gray level with a non-zero 
value in the original image and set this to D. 
0092 Next create a cumulative distribution function: For 
example bin 0 is the number of pixels of brightness=0; bin 
1 is sum of the number of pixels in bin 0 and 1; bin 2 is sum 
of pixels in bins 0, 1, 2; and so on. 
0093. Fifth, for each pixel, obtain the intensity, I(c, r) 
where c and rare the column and row indices, and find the 
cumulative probability for that intensity I(c., r); a value 
between 0 and 1. 



US 2017/02083 12 A1 

0094 Fifth, for each pixel, obtain the intensity, I(c., r) 
where c and rare the column and row indices, and find the 
cumulative probability for that intensity I(c., r); a value 
between 0 and 1. 
0095. Then multiply this value by D. This is the new 
value of the intensity for that pixel, after equalization. 
0096 Finally, to obtain stretching as well, multiply the 
new intensity value by the ratio of the maximum possible for 
display divided by D. This step ensures the maximum 
contrast. FIG. 9A shows a grey-scale image of a color 
blindness test image. FIGS. 9B and 9C depicts grey-scale 
images of the color blindness test image with the red shifted 
to blue and green shifted to blue, respectively. Thus a person 
with red-green color blindness would be able to easily see 
portions of the image which would normally appear hidden. 
0097 While the present invention has been described in 
terms of certain exemplary preferred embodiments, it will be 
readily understood and appreciated by one of ordinary skill 
in the art that it is not so limited, and that many additions, 
deletions and modifications to the preferred embodiments 
may be made within the scope of the invention as hereinafter 
claimed. Accordingly, the scope of the invention is limited 
only by the scope of the appended claims. 
What is claimed is: 
1. A method of augmenting sight in an individual, the 

method comprising the steps of 
obtaining a field of view image of a scene to be viewed by 

the individual; 
transmitting the obtained image to a processor carried by 

the individual; 
receiving from the individual an indication of a selected 

region of interest within the field of view image, the 
selected region of interest defined by the individual and 
not aligned to the visual axis of the individual; 

receiving from the individual an indication of a selected 
image modification to be applied to the region of 
interest within the field of view image by the processor, 
the selected image modification being selected by the 
individual from a plurality of selectable image modi 
fications; 

receiving data relating to a visual dysfunction relating to 
a visual field of view of the individual, a predetermined 
portion of the data defining damaged areas of the 
individual’s visual field of view to avoid; 

operating, by the processor, upon the region of interest 
within the field of view image to create a modified 
region of interest within the field of view image in 
response to the selected image modification; and 

displaying the modified region of interest within the field 
of view image on a display device forming part of a 
head worn assembly, wherein the displaying comprises 
relocating pixels of the damaged areas to areas near a 
periphery of the damaged areas according to a spatial 
distribution model. 

2. The method according to claim 1, wherein 
receiving from the individual the indication of the 

Selected region of interest comprises: 
receiving a first indication relating to at least one of the 

size, shape, and location of the region of interest 
within the field of view image: 

receiving a second indication relating to at least one of 
the size, shape, and location of the modified region 
of interest to be displayed to the individual. 
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3. The method according to claim 1, wherein 
the head worn assembly worn by the individual comprises 

an optical prism allowing the individual to view both 
the field of view image and the modified region of 
interest. 

4. The method according to claim 1, further comprising 
receiving from the individual an indication of a second 

selected image modification to be applied to the field of 
view image by the processor, the second selected image 
modification being selected by the individual from a 
plurality of selectable image modifications; 

operating, by the processor, upon the field of view image 
to create a modified field of view image in response to 
the second selected image modification; and 

displaying the modified field of view image as the field of 
view image within which the modified region of inter 
est is displayed. 

5. The method according to claim 1, wherein 
the head worn assembly worn by the individual comprises 

display devices for left and right eyes of the individual; 
and 

displaying the modified region of interest within the field 
of view image is performed for both the left and right 
eyes; wherein 

receiving from the individual an indication of a selected 
image modification comprises receiving either a 
Selected image modification that is applied equally to 
both the left and right eyes or a selected image modi 
fication that is applied to the left and right eyes differ 
ently. 

6. The method according to claim 1, wherein 
receiving from the individual the indication of the 

Selected image modification comprises receiving the 
Selected image modification that is applied to the region 
of interest and a second selected image modification 
that is applied to the field of view image. 

7. The method according to claim 1, further comprising 
receiving from the individual an indication of a degree of 

image modification, the degree of image modification 
relating to the selected image modification; and 

operating upon the region of interest to create the modi 
fied region of interest in response to the selected image 
modification and the indication of the degree of the 
image modification. 

8. A method of augmenting sight in an individual, the 
method comprising the steps of 

obtaining a field of view image of a scene to be viewed by 
the individual; 

transmitting the obtained field of view image to a pro 
cessor carried by the individual; 

receiving from the individual an indication of a selected 
region of interest within the field of view image: 

receiving data relating to a visual dysfunction relating to 
the visual field of view of the individual, a predeter 
mined portion of the data defining damaged areas of the 
individual’s visual field of view to avoid; 

receiving an indication of a gaze direction of the indi 
vidual; 

establishing a selected image modification to be applied to 
the region of interest within the field of view image by 
the processor, the selected image modification being 
Selected from a plurality of selectable image modifica 
tions by the individual; 

modifying Substantially in real time, with the processor, 
the region of interest to create a modified region of 
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interest in response to the selected image modification, 
the selected region of interest, the gaze direction of the 
individual and the predetermined portion of the data 
relating to the visual dysfunction that defines the dam 
aged areas of the individuals visual field of view to 
avoid; and 

displaying the field of view image and the modified region 
of interest on a display device forming part of a head 
worn assembly worn by the individual, wherein the 
displaying comprises relocating pixels of the damaged 
areas to areas near a periphery of the damaged areas 
according to a spatial distribution model. 

9. The method according to claim 8, wherein 
receiving from the individual the indication of the 

selected region of interest within the field of view 
image comprises: 
receiving a first indication relating to whether the 

selected region of interest is within the field of view 
image: 

receiving a second indication relating to at least one of 
the size, shape, and location of the region of interest 
within the field of view image: 

receiving a third indication relating to at least one of the 
size and shape of the modified region of interest to be 
displayed to the individual together with a preferred 
location of the modified region of interest to be 
displayed. 

10. The method according to claim 8, wherein 
receiving from the individual the indication of the 

selected region of interest within the field of view 
image comprises: 
receiving a first indication relating to whether the 

selected region of interest is within the field of view 
image: 

receiving a second indication relating to at least one of 
the size, shape, and location of the region of interest 
within the field of view image: 

receiving a third indication relating to at least one of the 
size, shape, and location of the modified region of 
interest to be displayed to the individual. 

11. The method according to claim 8, wherein 
the head worn assembly worn by the individual comprises 

an optical pipeline allowing the individual to view both 
the field of view image and the modified region of 
interest and a portion of their field of view perceived 
directly at least one of around and through the optical 
pipeline. 

12. A method of augmenting sight in an individual, the 
method comprising the steps of 

receiving from the individual an indication of a selected 
region of interest within their field of view: 

obtaining a region of interest image relating to the 
Selected region of interest; 

transmitting the obtained region of interest image to a 
processor carried by the individual; 

receiving data relating to a visual dysfunction relating to 
the visual field of view of the individual, a predeter 
mined portion of the data defining areas of the indi 
vidual’s visual field of view to avoid; 

receiving an indication of a gaze direction of the indi 
vidual; 

establishing a selected image modification to be applied to 
the region of interest by the processor, the selected 
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image modification being selected from a plurality of 
Selectable image modifications; 

modifying Substantially in real time, with the processor, 
the region of interest image to create a modified region 
of interest image in response to the selected image 
modification, the gaze direction of the individual and 
the predetermined portion of the data relating to the 
visual dysfunction that defines the damaged areas of the 
individual’s visual field of view to avoid; and 

displaying the modified region of interest image on a 
display device forming part of a head worn assembly 
worn by the individual, wherein the displaying com 
prises relocating pixels of the damaged areas to areas 
near a periphery of the damaged areas according to a 
spatial distribution model. 

13. The device according to claim 12, wherein 
displaying the modified region of interest on the display 

device comprises displaying the modified region of 
interest together with image data relating to their field 
of view captured by a second camera carried by the 
individual. 

14. The device according to claim 12, wherein 
the head worn assembly worn by the individual comprises 

an optical prism allowing the individual to view both a 
portion of their field of view through the optical prism 
and the modified region of interest displayed upon the 
display. 

15. The method according to claim 12, wherein 
receiving from the individual the indication of the 

selected region of interest within the region of interest 
image comprises: 
receiving a first indication relating to a preferred loca 

tion of displaying the selected region of interest 
within the region of interest image. 

16. A method of augmenting sight in an individual, the 
method comprising the steps of 

obtaining a field of view image of a scene to be viewed by 
the individual; 

transmitting the obtained field of view image to a pro 
cessor carried by the individual; 

receiving data relating to a visual dysfunction relating to 
the visual field of view of the individual, a predeter 
mined portion of the data defining damaged areas of the 
individual’s visual field of view to avoid; 

receiving an indication of at least one of a gaze direction 
of the individual; 

receiving from the individual either an indication of a 
method of algorithmically selecting a region of interest 
or an indication of a region of interest, wherein the 
region of interest relates to the field of view image and 
the method is one of a plurality of such methods: 

establishing a selected image modification to be applied to 
the region of interest by the processor, the selected 
image modification being selected from a plurality of 
Selectable image modifications; 

modifying Substantially in real time, with the processor, 
the region of interest to create a modified region of 
interest image in response to the selected image modi 
fication, the selected region of interest, the gaze direc 
tion of the individual, and the predetermined portion of 
the data relating to the visual dysfunction that defines 
the damaged areas of the individual’s visual field of 
view to avoid; and 
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displaying the field of view image and the modified region 
of interest image on a display device forming part of a 
head worn assembly worn by the individual; wherein 
the displaying comprises relocating pixels of the dam 
aged areas to areas near a periphery of the damaged 
areas according to a spatial distribution model. 

17. The method according to claim 16, wherein 
the plurality of selectable image modifications varies in 

dependence upon the method of algorithmically select 
ing the region of interest. 

k k k k k 
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